ABSTRACT
INTRODUCTION
The Rh blood-group system is clinically important because antibodies against Rh antigens are involved in haemolytic disease of the newborn, haemolytic transfusion reactions, and autoimmune haemolytic anaemia (Issitt, 1989; Issitt and Telen, 1996) . Individuals are classified as Rhpositive and Rh-negative according to the presence or absence of the D antigen on the surface of their red cells (Issitt, 1989) , which is the most immunogenic, and therefore, of critical importance for the blood transfusion strategy, and proper management of Rh-negative gravid women.
The RhD blood group antigen has been shown to be subject to many phenotypic variations (Jones et al., 1995; Jones et al., 1996) and the frequency of weak D phenotype varies with the method used, the reagent used, and the racial mix tested (Division of Medical Laboratory Science, 2001 ). The incidence of weak D phenotype is high among blacks. The frequency of the weak D phenotype in whites is approximately 0.2% to 1% Wagner et al., 2000) , up to 10% in Africans (Cheesbrough, 2000) , 7.5% among the Yoruba of SouthWestern Nigeria, 0.75% in Kenya (Lyko et al., 1992) , 0.6% in the United Kingdom (Nwauche et al., 2003) and approximately 0.23% in USA (Mollison et al., 1997) . Nwauche et al., (2003) found 0.95% among adult females in Port Harcourt, Nigeria. These varied results from Nigeria depicted heterogeneity in the prevalence of weak D, even among somewhat homogenous entities.
Weak D phenotypic expression is known to arise from three mechanisms (Tippett, 1988) . In one of these mechanisms, referred to as gene interaction, there is a suppressive effect of the C gene when in trans to the D gene (e.g., Dce/Ce). The second is when part of the D antigen is missing (partial D). Thirdly, the presence of an aberrant form of D (e.g., at the molecular level) would result in weak phenotypic expression. The term 'Weak D' actually refers to red cells with the aberrant RhD protein, expressing reduced membrane surface D antigens. The partial Ds, sometimes give weak phenotypic reactions in serologic procedures. Because serologic distinction is currently not possible, many laboratories would detect some partial D's as weak D. It is known that many partial D phenotypes present as normal D types (e.g. react strongly with routine anti-D) so they are often not classified until they make anti-D.
The number of D antigen sites on the Rh Dpositive red blood cells is normally in the range of 9900 to 33000 (Issitt and Telen, 1996) and the weak D phenotype appeared to be a quantitative variation in the number of D antigen sites on the red blood cell (Mollison et al., 1997) . Primarily, the weak D is the result of point mutations that cause amino acid changes predicted to be intracellular or in the transmembrane regions of RhD and not on the outer surface of the RBC (Wagner et al., 1999) . These mutations, they indicated, affect the efficiency of insertion, and therefore, the quantity of RhD protein in the membrane. The inefficient insertion, reflected in the reduced number of antigen sites on these red blood cells, and explains why the indirect antiglobulin test (IAT) may be required for detection (Wagner et al., 1999) . It was confirmed latter that, most weak D types, including prevalent ones, carry altered D antigens .
In the laboratory, serologic typing techniques employing the use of anti-D sera are mainly used to detect the presence of the Rh D antigens on the red blood cells of individuals. The number of samples classified as weak D depends on the characteristics of the typing reagent (Westhoff, 2004) . Weak D individuals (who are actually Rh -positive) were commonly mistyped as Rhnegative through the use of polyclonal antibodies with grave consequences (Calhun and Petz, 1995) . However, with the advent of monoclonal anti-D reagents, most weak D individuals are now typed as Rh-positive. It is now becoming evident that there are some immunogenic weak D samples that would not be detected by direct agglutination. Antihuman globulin test may therefore need to be performed to detect weak D red cells in individuals who initially type as Rhnegative. The objective of this study therefore, is to determine the prevalence of weak D (D u ) phenotype among Rh-negative males and females in Kumasi. Figure 1A shows the frequency of RhD-negative and RhD-positive among blood donors. Of the subjects 92.25% (369/400) were RhD-positive and 31 (7.75%) RhD-negative. Among the females, 4.44% (6/135) of them were RhDnegative with 95.56% (129/135) being RhDpositive ( Figure 1B) . Of the males, 9.43% (25/265) were RhD-negative and 90.57% were RhD-positive ( Figure 1C ).
MATERIALS AND METHODS

Materials used
RESULTS
Out of the 31 Rh-negative subjects, 25, representing 6.25% of the 400 were males whilst 6 (1.50%) were female (Table 1) . Table 2 shows the prevalence of weak D phenotype among the Rh-negative males and females. Out of the 31 apparently negative subjects, 6.45% (2/31) were detected to be weak D positive with the other 93.55% being negative ( Figure 1D ). Both samples were from males, thus 8% (2/25) of the Rhnegative males were weak D-positive. No weak D was detected in the 6 Rh-negative females.
example, about 15% -17% among Europeans (Race and Sanger, 1975) and 15% in the USA population (Mollison et al., 1997) . This could be due the high RHD gene frequency among Africans (Flegel and Wagner, 2002) , and for that matter, Ghana.
Weak D prevalence among Africans has been said to be as high as up to about 10% (Cheesbrough, 2000) . Consistent with this, is the finding of a 6.45% weak D prevalence among the subjects involved in this study (Fig 1D) . This is however, a little below the 7.5% prevalence reported among the Yoruba of South-Western Nigeria (Nwauche et al., 2003) . On the other hand, the 6.45% is high, compared to those found in some other populations; for instance, approximately 0.4% among the Caucasians . The relatively small number of Rh-negative samples obtained could account for the high weak D prevalence obtained in this investigation. However, it should be noted that RhD frequency depends on ethnicity. In Africans, the frequency of aberrant RHD alleles, which encode weak D is much higher (Flegel and Wagner, 2002) . This could also account for the high weak D prevalence obtained in this study.
Though the two weak D donors were men, it may not be suggestive that weak D is more prevalent among males than females. It should be noted there were only 6 Rh-negatives out of 135 females. This should compare with our finding that 25 of the 265 males were Rh-negative.
Considering the fact that monoclonal anti-D antisera, were used in the direct agglutination test it is obvious that the two samples that showed weak D phenotypic reactions had low antigen D density. This attests to previous observation that donors who are carriers of some weak D may pass unnoticed in tests based on direct agglutination with monoclonal anti-D (Wagner et al., 2001) . The results of this study, however, questions the opinion that there is no need to test Rh negative samples for weak D when using monoclonal IgM anti D (Cheesbrough, 2000) .
The implications of the findings in this study are far-reaching. From previous reports (Gassner et al., 2005; Wagner et al., 2005) , it can be inferred that units of blood from the two weak D positive donors observed pose the potential risk of alloimmunizing Rh-negative recipients. If the two samples were from individuals of Rh-negative mothers having no preformed anti-D, by the procedures of some laboratories they would be typed as Rh-negative by direct agglutination test. Rh immune prophylaxis would not be given to the mother, possibly resulting in her being antigen D-alloimmunized. Therefore the universal acceptance of weak D typing of individual who type as Rh-negative with direct agglutination technique is justified by the results of this study.
Neglect of such a procedure may result in unnecessary incidence of preventable haemolytic disease of the newborn with its severe clinical implications.
Sometimes when an Rh-negative woman becomes pregnant it becomes necessary to determine the partner's Rh status to assist in the proper management of the woman if there is the possibility of the baby being Rh-positive. By using only direct agglutination, if the partner's weak D red cells are not detected, the result will be similar to earlier instances mentioned above.
Because of the rarity of Rh-negative donors, carefully selected patients may be tested for weak D when typed as Rh-negative by direct agglutination. That may be considered when no Rh-negative blood is available. In that case it should be borne in mind that current knowledge indicates that majority of individuals with a weak D phenotype can safely receive Rhpositive blood and do not make anti-D (Westhoff, 2004) . If the two subjects who typed as weak D positive required blood transfusion, they could therefore receive Rh-positive blood in the absence of Rh-negative blood unit. (Shulman, 2002; Shulman, 2005) . The D VI is more frequent among Caucasians but not Africans. Because RhIg is not completely without risk (HCV and unknown variant Creutzfeldt-Jakob disease), is costly, and is derived from human source material that is in short supply, it is prudent policy to avoid its unnecessary use (Shulman, 2005) .
CONCLUSION
This study has found that 6.45% of blood donors who were typed as Rhesus negative are actually weak D positive. Because of the potential risk of alloimmunization caused by such red cells, indirect antiglobulin testing must constitute part of the routine typing of all blood donors. It would therefore, be prudent for policy makers and transfusion units to carefully consider the issue of the incidence of the weak D and come up with policies for its testing. Also, the universal acceptance of weak D testing of newborns is valid and need to be implemented. Finally, donors and husbands of Rh negative women who type as Rh -negative may need to be typed for weak D, even when monoclonal anti-D is used.
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